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The operational energy of non-residential buildings accounted for 40% of the European Solar energy can potentially be absorbed and converted by using solar collectors to provide 117 space heating in commercial buildings and in large enclosures, such as warehouses and 118 superstores. Technologies, such as solar air collectors (SACs), can therefore result in the 119 building envelope becoming a producer of energy for space heating [5] . 120 SACs are a special type of heat exchangers that absorb incident solar radiation, and convert it 121 to useful thermal energy via a photothermal process (see Fig. 1 surface between the metal skin and air is increased by drawing air through multiple small 142 perforations in the solar absorbing sheet into the cavity between the skin and facade. The 143 heated air is then drawn into the building to provide space heating. However, to the best knowledge of the authors, no large scale study on BPSC systems, similar to that on an UTSC, has been conducted. This paper presents the results of a study of 164 the thermal efficiency of such an SAC system. with gaskets on the flange faces. The housing ducts were 250 mm diameter and the straight sections joining the plates were greater than 3 m upstream and 1.5 m downstream, thus 229 achieving greater than 12 and 6 duct diameters of straight section, respectively (see Fig.8 ). 
Air inlet and outlet temperatures 277
The five inlet temperatures were averaged to give an air inlet reference temperature: their 278 variation was small, generally within 0.5 °C. The readings of the five outlet sensors were also 279 averaged. They were used to determine the reference temperature difference in the heat 280 output calculations. The amount of heat delivered by the BPSC is given by:
where is the specific heat of air (kj/kg °C), is the mass flow rate though the BPSC 298 (kg/s), is the outlet air temperature (°C), is the inlet (ambient) air temperature (°C).
299
The instantaneous efficiency of the BPSC is defined by the Hottel-Whillier-Bliss equation The total solar radiation is dependent on the global solar radiation and the ratio ε/α based on 312 the ambient temperature as follows: usually the building interior. The basic model in Fig. 9 shows that the highest efficiency 326 between 35% and 39% was obtained with flow rates between 90 and 120 m³/hr/m² at inlet 327 temperatures between -6 °C and 8 °C. For a given total air flow, defined by the room 328 ventilation needs, splitting the flow between a series of low collectors has two effects: a low 329 collector is more efficient but has a reduced flow rate per collector. The majority of the tests were conducted with a flow rate between 40 and 140 m³/hr/m².
337
Within this range, there is a consistent linear relationship where an increase of the flow rate 338 reduces the temperature rise. relatively large compared to the characteristic length, the exit temperature will be close to the 351 saturation temperature. However, if the height is low, the exit temperature will be lower, 352 although the efficiency will be higher. The results show that the temperature increases with the height/flow ratio up to a certain 355 point, after that the temperature is constant and the collector height is effectively infinite. The useful thermal energy delivered to the building is simply calculated by:
Where is the density of the air, 1.22 / ³, is given by equation (16). 
The estimation of E is -8.07/0.223=-36.19. This illustrates that beyond a certain height (ℎ) to 379 air flow rate ( ) ratio, no additional heat is collected. 
Conclusions

